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ADSORPTION FROM SOLUTION AND COALESCENCE. 
ADSORPTION FROM SOLUTION BY SOLID. 
SELECTIVE adsorption from a solution by a solid may show 
itself by relatively more of the dissolved substance being adsorbed 
than of the solvent, or by relatively less being adsorbed. Both 
cases are known, but the first one is the more interesting. The 
decolorizing action of charcoal a has been known since 1791. In 
I874 B6ttger 2 pointed out that infusorial earth will remove all 
the color from aqueous solutions of some aniline dyes. The 
adsorption of dyes by hydrous alumina, stannic oxide, and other 
mordants, as they are called, is of great importance. Here, as 
in all other cases, the adsorption is selective, some dyes being 
taken out and others not2 Red phosphorus will decolorize a 
dilute solution of iodine in carbon bisulphide. 4 Hatschek 5points 
out that iodides cannot be shown to be present in sea-wa.ter by 
any of the usual tests, and that we owe our supply of iodine to 
the adsorption of iodides by certain sea-weeds. When making 
density determinations by weighing a solid in a solution, an 
error may be introduced beoause of the solid adsorbing some of 
the salt2 According to Skey7 antimony and arsenic can be 
removed from solutions of their oxides or chlorides in strong 
hydrochloric acid (with a little tartaric acid in the case of anti- 
mony) so that neither of them can be detected by Reinsch's test, 
though both were easily detected before the,adsorption, s In 1845 
* Based on a paper presented atthe meeting of the Section of Physics and 
Chemistry held Thursday, January II, 1917. 
Cf. Ostwald, " Lehrbuch aIlgem. Chemic," x, IO93 (1891). 
2Your. Chem. Soc., 28, 17o (1875). 
s Cf. Davison, Your. Phys. Chem., x7, 737 (1913). 
4 Sestini, Gazz. chim. ital., 1, 323 (1871). 
~"An Introduction to the Physics and Chemistry of Colloids," 6 (1913). 
"Thoulet, Comptes rendus, 99, lO71 (1884). 
, Chem. News, I7, 157 (1868); 36, 6 (1877). 
"See also Loekemann and Paueke, Zeit. Kolloidchemie, 8, 273 (1911). 
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Yorke 9 noted the adsorption of lead oxide by filter-paper, while 
Mfiller 10 and Weiske 11 have shown that filter-paper takes up 
such appreciable quantities of barium, strontium, and calcium 
hydroxides that dilute solutions hould not be filtered if they are 
to be used for quantitative work. 
A special phenomenon i  connection with adsorption by filter- 
paper has been studied by Bayley, 12 Lloyd, 1~ Gordon, 14 and others. 
If  a drop of salt solution ,be allowed to fall on a piece of filter- 
paper the solution will tend to spread. If the salt is adsorbed 
very strongly it will not spread and we get a relatively wide 
water-ring. If  the salt is not much adsorbed, it will spread out 
as far ,as the water. If a strip of filter paper be dipped into 
a solution we get ,~ similar phenomenon ; the water will rise much 
farther than the salt if the latter is adsorbed strongly. Gordon 
found that with a M/4o CuSO4 solution the water rose about 
9.2 cm. in half an hour and the copper salt only 5.5 era. With 
a M/2 solution the copper salt rose 9.2 cm., a.nd so did the water. 
Ordinary ink shows the phenomenon well with blotting-paper. 
Leighton 15 has determined the adsorption of caustic soda, 
hydrochloric acid, sulphuric acid, and phosphoric acid by purified 
absorbent cotton. These experiments were interesting in two 
ways. In the first place, they showed that no compounds were 
formed. In the second pl~.ce, data were obtained showing the 
possible error when determining adsorption. The usual method 
ie to shake a known solution with a weighed amount of the 
adsorbing solid, pipette off some of the supernatant liquid, and 
analyze. The amount of adsorption is calculated from the de- 
crea.se in concentration. This calculation is accurate only in case 
no liquid is taken up by the solid adsorbing agent. If the cotton 
adsorbed the alkali and the water in the same ratio in which 
they occurred in the solution there would be no change in the 
concentration of the solution and the apparent adsorption would 
be zero. To avoid this error, Leighton centrifuged the cotton 
for an hour in a centrifugal rotating about 4ooo revolutions per 
9Mere. Chem. Soc., 2, 399 (1845). 
~° Jour.  prakt. Chem., 83, 384 (1861). 
~ Jour. Chem. Soc., 3o, 662 (1876). 
~2 Ibid., 33, 304 (1878). 
~3 Chem. News ,  fix, 51 (1885). 
a" Jour.  Phys.  Chem., xS, 337 (1914). 
~Ibid. ,  ao, 32, 188 (1916). 
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minute, and then analyzed the cotton This direct or " gravi- 
metric" method will give too high adsorptions unless the centri- 
fuging removes all the unadsorbed solution. On the other hand, 
the indirect or '! titration " method gives too low results unless 
no water is adsorbed by the cotton 'at all. Since this last is not 
true, the results .by the titration method are necessarily Wrong with 
cotton, while the results by the gravimetric method may be right. 
The differences between the two methods max, be quite consider- 
able. With a solution of 2oo grams NaOH per liter Leighton 
found an adsorption of o.27 grams NaOH per gram cotton 
by the titration method, and of o.75 grain NaOH by the gravi- 
TABLE I. 
Volume of solution = too c.e. 
Weight of cotton =about  Log .  
Time of run =3 hours. 
Solution Grams NaOH adsorbed Solution I Grams NaOH adsorbed 
grams per gram cotton grams [ per gram cotton 
NaOH per i . . . .  NaOH per l- - -  - -  
hter ] Gravimetric Titration hter / Gravimetric Titration 
474 
45 ° 
427 
415 
400 
379 
350 
323 
30o 
276 
275 
23I 
: o.916 
i 
o.'887 
0.875 
o.733 
o.' 8 
o. 7 
0.27 
0.25 
230 
212 
:210 
x9o 
I89 
184 
I75 
I4o 
I38 
I25 
9o 
4 ° 
0.664 
0.662 
0.594 
0.579 
0.572 
0.433 
o.I 9 
. , , .  
0. I2  
0 .O8 
O.OI 
0.0 
metric method. The true adsorption lies between these two 
values. Leighton's data for NaO,H are given in Table I. 
Osaka 16 has made some experiments oi1 the adsorption of 
potassium and sodium salts ,by blood charcoal. The charcoal 
takes up about 85 per cent. of its weight of water when sus- 
pended in saturated water vapor at 25°. If no account is taken 
of this fact a large error may be introduced. When allowance 
was made for the amount of adsorbed water it was found that the 
adsorption decreased in the order I > No~ > Br > CI > SO4. The 
potassium salts are adsorbed more strongly than the corresponding 
~" Mem. Coll. Sci. Kyoto ,  x, 257 0915) .  
VOL. I85, No. Ho6---x6 
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sodium salts. The numerical values are given hi Table II. The 
percent,age adsorptions for normal solutions of KI, KNOa, KBr, 
KC1, and K2SO4 are approximately 28, 16, I4, 7, and 5 respec- 
tively. 
An interesting and important case of selective adsorption has 
been worked out by Lloyd. From fuller's earth he has prepared 
a hydrous aluminum silicate iv which adsorbs alkaloids. It has 
been suggested that the material be called Lloyd's reagent. 
TABLE ~[I. 
Adsorption of Salts (Milligrams and Milligram Equivalents) per Gram 
Blood Charcoal. 
Concentration 
of solution in 
gram 
equivalent per [ 
liter 
I .OIO 
, 0.830 
0.673 
0.509 
0.966 
0.765 
0.562 
0.479 
0.977 
0.8I 7 
0.654 
0.491 
0.967 
O.833 
0,622 
0.464 
Salt adsorbed by one gram 
charcoal 
J Milligram 
Milligram [ equivalent 
Potassium sulphate 
51 "4 0"59 
45.1 0.52 
37.0 0.42 
29.3 0.34 
Potassium chloride 
68.6 0.92 
50.8 0.68 
41.8 0.56 
33.2 0.45 
Potassium nitrate 
I51.2 : 1.50 
129. 9 1.28 
I I2 .  7 I . I1  
87.7 o.87 
Potassium iodide 
277. 9 1.67 
250.8 1.51 
2o7.4 i .25 
167.8 i.Ol 
Concentration ] Salt adsorbed by one gram 
of solution in charcoal 
gram 
equivalent per 
liter 
I .o68 
o.933 
o.753 
o.583 
(3.998 
o.896 
o.697 
o.597 
0.978 
0.816 
o.647 
o.484 
0.970 
o.717 
0.526 
Milligram Milligram 
equivalent 
Sodium sulphate 
40.5 0.57 
37.4 0.53 
31.9 : 0.45 
25.5 i o.36 
Sodium chloride 
47.4 ] o.8I 
44.9 I 0.77 
35.3 i 0.60 
29.0 I 0.49 
Sodium nitrate 
II6.3 [ 1.37 
Io7.6 1.27 
99.4 i 1.03 
69.6 i 0.82 
Potassium bromide 
I39.2 1.17 
98.1 o.82 
75.7 o.64 
Carey Lea is has shown that silver idoide adsorbs iodine strongly. 
It is probably this adsorption which makes silver iodide photo- 
graphic emulsions apparently less sensitive than the silver bromide 
emulsions. If so, it should not be hard to overcome that difficulty. 
Reinders l0 has found; fhat silver chloride crystals contain ad- 
sorbed gelatine when crystallizing from an ammoniacal solution 
to which gelatine has been added. This fact is of great importance 
l 'Waldbott, Jour. Am. Chem. Soc., 35, 837 (1913). 
1SAm. Jour. Sci. (3), 33, 492 (I887). 
'~ Zeit. phys. Chem., 77, 696 (I91I). 
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for the theory of the photographic emulsion. 2° Much other work 
on adsorption by crystals is to be found in the papers by Marc. 21 
The selective nature of the adsorption is shown by the fact that 
barium sulphate is said to carry down 1.arge amounts of barium 
nitrate and only small quantities of barium chloride. 22 These 
experiments should be repeated. 
On or just back of the beaches at Galveston, Nantucket, and 
elsewhere there are wells of fresh water, the levels of which 
correspond .approximately with the ocean level. Many people 
believe that the water in these wells comes from the sea and that 
the salts have been removed in some mysterious way. Unfor- 
tunately this is not true. The water comes from inland, but is 
Lbacked up by the ocean and does not flow off so rapidly as it 
otherwise would. If  for ,any reason the outward flow is checked 
for a sufficient ime, the salt from the ocean does work back into 
the wells. This has been noticed at Galveston when excessive 
amounts of water have been pumped from the wells. 
TH~ ADSORPTXO~ XSOTHSR*r. 
In all cases which have been studied quantitatively, the 
form of the ,adsorption isotherm is similar to that obtained for 
the adsorption of gases by solids. Consequently an equation of 
the same type will represent both sets of phenomena. For solu- 
tions we write the equation where x is the amount adsorbed by m 
(x /m)"  = k c 
units of the solid adsorbing agent, c is the concentration of the 
solution, and n is not necessarily an integer, though experiment- 
a,lly never less than unity. The approximate accuracy of the 
formflla is shown in Freundlich's data, 23 Tables I I I -V. Other 
adsorption formulas have been proposed, or discussed by Freund- 
lich, ~4 McBainy  Schmidt, 26 Georgievics, 27and others, 2s but no 
2o Bancroft, Jour. Phys. Chem., I7, 93 (1913). 
~'Zeit. phys. Chem., fix, 385 (I9O8); 67, 47o (19o9); 68, lO4 (19o9); 73, 
685 (191o); 75, 710 (1911). 
~2 Mitscherlich, Liebig's Ann., 44, 192 (I842). 
~*" Kapillarchemie," 147 (19o9). 
2"Zeit. phys. Chem., 57, 385 (1907) ; 59, 284 (I907). 
= lour. Chem. Soc., 91, 1683 (191o). 
'eZeit. phys. Chem., 74, 689 (191o); 77, 641 (1911); 78, 667 (I912); 9I, 
lO3 (1916). 
Ibid., 83, 269 (1914). 
Mart:, Zeit. phys. Chem., 51, 641 (1913) ; Dietl, Monatsheft fiir Chemie, 
35, 784 (1914); Trfimpler, Zeit. Kolloidehemie, 15, IO (1914). 
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fo rmula  is s t r ic t ly  accurate ,  and  the s imples t  one seems the best 
fo r  the t ime being.  I f  the curves  rea l ly  bend round para l le l  to the 
ax is  o f  o rd inates ,  the s imple  fo rmula  is necessar i l y  wrong .  
TABLE I i1 .  
Distribution of Acetic Acid between Water and Blood Charcoal. 
(x/m)" =kc 
n =2.35; log k =o.98 
c in mols per liter; x/m in millimols per gram charcoal. 
c x/mfound x m talc. logk 
o.oi8i 
o.o3o9 
o.o616 
0. I259 
0.2677 
0.47XX 
0.8817 
2.785 
0.467 
o.624 
0.80 I  
I . I I  
I '55 
2 .o 4 
2.48 
3.76 
0.474 
0.623 
o.798 
1.08 
1.49 
1.9  ° 
2.48 
4.04 
0.966 
I .o29 
o.984 
1 .oo6 
1.030 
I.o55 
0.981 
o.9o6 
TABLE IV .  
Distribution of Bromine between Water and Blood Charcoal. 
(x/m)" =kc 
n=2.4; log k =o.974 
e in millimols per liter; x/m in millimols per gram charcoal. 
c [x, mfound x/mcalc, logk 
O.92 2 .07 2.09 [ O.965 
2.59 3.Io i 2.96 I.o32 
6.69 4.27 ] 4.xo [ I.o28 
I7.o8 5.44 i 5.64 ] o.93 °
29.75 6.8o ] 6.8o I 0.974 
I 
TABLE V. 
Distribution of Benzoic Acid between Water and Blood Charcoal. 
(x/m)" = kc 
n =2.53; log k=2.32 
c in millimols mr liter; x/m in millimols per gram blood charcoal. 
x/m found E x/m calc. log k c i " 
6.I8 ~ 0.437 r 0.445 [ 2.299 
25.o0 0.780 o.776 2.329 
53.I3 I.o4 r I.O4 2.318 
I I7.73 1-44 ! 1-43 ] 2 .330  
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In Table VI are given a list of a few of the systems which 
have been studied quantitatively. The values for n have un- 
TABLE VI. 
Solvent Solute Solid n Observer 
Alcohol 
Benzene 
Water  
Water  
Water  
Water  
Water  
Water  
Water  
Water  
Water  
Water  
Water  
Water  
Water  
Water  
Iodine 
Iodine 
Acetic acid 
Succinic acid 
Oxalic acid 
Potass ium chloride 
Potass ium chloride 
Potass ium chloride 
Sulphuric acid 
Indigo carmine 
Methy lene blue 
Iodine 
Alizarine 
Mi lk sugar 
Cane sugar  
Picric acid 
Charcoal  
Charcoal  
Charcoal  
Charcoal  
Charcoal  
Silicic acid 
Stannic oxide 
Charcoal  
Caseine 
Silk 
Cellulose 
Starch 
Chromic oxide 
Charcoal  
Charcoal  
Silk 
4 
4 
2 
2 
IO 
I 
I 
I 
I 2.95 
2 
4.5 
8.2 
2.7 
Schmidt  t
Schmidt  t
Schmidt  t
Schmidt  1 
Schmidt  1 
Van Bemmelen 2 
Lachs and Michaelis s 
Van Slyke ' 
Georgievics 5
Georgievics 5
Kfister s 
Biltz ~ 
Wagner  s
Wagner  s
Walker  and Appleyard 9
1 zeit. phys. Chem., 15, 56 (.1894)- 
2 Zeit. anorg. Chem., 23, II3 (I9oo). 
* Zeit. Elektrochemie, I7, 2 (x9n). 
tAm.  Chem. Jour., 38, 383 (I897). 
sS*tsungsber. Akad. Wiss. Wien., xo3, ii D, 589 (1894); 104, ii, b, 309 (I895); Zest. Farben- 
induMrie, 2, ~'53 (19o3). 
e Liebig's Ann., z83, 364 (1891). 
7 Bet. deutsch, chem. Ges., 38, 4143 (I9o5). 
8 Zeit. Kolloidchen~ie, 8, i26 (I9I I). 
* Jour. Chem. Sot., 69, I334 (1896). 
doubtedly been rounded off in most eases. The fact that we get 
a smooth curve with water, iodine, and starch shows that there 
is no definite compound, starch iodide. 
ABNORMAL ADSORPT ION.  
Cameron and PattenS9 find that the distribution of gentian 
violet between soils and water, or of cosine between quartz and 
w~a.ter, can be represented fairly well by exponential formulas; 
but that flocculation or coarsening of the adsorbing medium is 
apparently a disturbing factor. That flocculation actually does 
take place had been shown by Patten 30 in a special set of experi- 
ments on quartz flour and dyes. A still more striking case of 
flocculation and consequent change of adsorption was studied bv 
Lottermoser and Rothe .~1 in the adsorption of potassium iodide 
" . tour.  Phys.  Chem., Ix, 581 (19o7). 
*o Trans. Am.  Electrochem. Soc., i o ,  67 (19o6). 
,1Zeit. phys. Chem., 62, 359 (19o8). 
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by silver iodide. For concentrations of potassium iodide up to 
about N/3oo the exponential formula holds fairly well, the 
exponential factor being a little over l 3. Beyond this concentra- 
tion the amount of adsorption actually decreases with increasing 
concentration i  the water phase. The silver iodide becomes 
denser and more granular and shows signs of crystallization. On 
the other hand, silver nitrate is adsorbed by silver iodide without 
producing this change within the concentrations studied. The 
exponential factor is 2 for silver nitrate. Freundlich and 
Sehucht a2 found that amorphous mercuric sulphide changes over 
spontaneously into a crystalline form and then has a decreased 
power of ,adsorbing dyes. The adsorption of cosine by hydrous 
copper oxide varies with changes in the cupric oxide, aa The 
cases of abnormal adsorption reported by Evans are apparently 
due to analytical errors, a4 
In I899 Lagergren a~ reported the negative adsorption of some 
chlorides and of amnlonium bromide by charcoal, the solution 
becoming more concentrated after being shaken with the charcoal. 
Quite recently Osaka a" found that sodium nitrate, pot, assium 
bromide, potassium iodide, and potassium nitrate are adsorbed 
positively by blood charcoal, while sodium chloride, sodium sul- 
phate, and pot,assium sulphate are apparently adsorbed negatively. 
With sodium sulphate the increase in concentr,ation was about one 
per cent., and was less than that with the other salts. Mathieu a7 
observed negative adsorption with a number of dilute solutions 
when adsorbed by porous plates, membranes, or capillary tubes. 
With normal solutions the concentrations in the capillary tubes 
were often only tenth-normal. The difference in concentration 
increases with decreasing radius of the capillary tubes, and 
Mathieu considers it quite possible that with very fine tubes water 
alone would be adsorbed, ,a, conclusion which, as Mathieu himself 
points out, is of distinct importance for the theory of semi- 
permeable membranes, a  If this conclusion is true and general, 
3'Ibid., 85, 660 (I913). 
Gilbert, Jour. Phys. Chem.. i8, 592 (I914). 
~ Murray, Ibid., 2o, 62I (I916). 
35 Freundlich, " Kapillarchemie," 165 (19o9). 
a63iem. Coll. Sci. Kyoto. I, 257 (I915). 
a Drude's Ann., 9, 34o (19o2). 
"~ Cf. Trouton. Rrit. Assm Reports. 84, 288 (I914). 
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it accounts for the results of Bigelow 39 and of Bartell, 4° who 
found that osmotic phenomena ppeared in porous cups when the 
pores were sufficiently fine or were clogged sufficiently. It is 
clear that we can get osmotic phenomena in two distinct ways, 
depending on whether we have a continuous film or a porous one. 41 
In the case of a continuous film it is essential that the solvent 
shall dissolve in the membrane and that the solute shall not. 
Since the permeability is not dependent on adsorption, there is 
no reason why there should be any fundamental difference between 
the adsorption of a solute which does pass through the membrane 
and of one which does not pass through. If we have a porous 
fil~, we get osmotic phenomena only in case the pore walls adsorb 
the pure solvent, and the diameter of the pores is so small that 
the adsorbed film of pure solvent fills the pores full. Under these 
circumstances the dissolved substance can not pass through the 
membrane unless adsorbed by the latter. There is therefore an 
important difference between a solute which does pass through a 
porous membrane and one that does not, in that the first is ad- 
sorbed by the membrane and the second is not. 
Kahlenberg *~ has shown that benzene, toluene, and pyridine 
pass through a rubber membrane very readily, while water does 
not. This is perfectly natural on the assumption that these liquids 
dissolve in rubber, but on the basis of pores it is hard to under- 
stand why water should not pass through. One might cite the 
case of the oiled sieve and say that water does not wet rubber, but 
vcater does wet rubber. The case of trichloracefic acid is also 
interesting. When dissolved in benzene it passes readily through 
a rubber membrane, whereas it passes very slowly when dissolved 
in water. This is as it should be if we are dealing with solution, 
but it is hard to explain if we are dealing with ,adsorption. While 
nothing is proved, I am inclined to think that a rubber membrane 
is not a porous one in the sense that Bartell's clogged plate is, 
and I believe, therefore, that, when ,a rubber film acts as a semi- 
permeable membrane, the solvent dissolves in the rubber and 
passes through it essentially in that way. There are no saris- 
3°Iour. Am. Chem. Soc., 29, 1576, 1675 (19o7); 31, I194 (19o9). 
~°Jour. Phys. Chem., 15, 659 (1911); 16, 318 (1912); Jour. Am. Chem. 
Soc., 36, 646 (1914); 38, lO29, lO36 (I916). 
,t Bancroft, Jour. Phys. Chem., 21, 441 (1917). 
42Your. Phys. Chem.. xo, 141 (19o6). 
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factory data in regard to the copper ferrocvanide membrane, but 
it seems better for the present o consider it as like the rubber 
membrane. 
REVERSIBIL ITY OF EQUILIBRIUM. 
To be certain that the equilibriuna represented by the adsorp- 
tion isotherm is a reversible one, it should be reached from both 
sides. .ks a rule, that is not done, but Freundlich ~:~ has made a. 
couple of experiments o show that the salne end-point is actually 
reached. For the distribution of acetic acid between charcoal 
and w,ater, he obtained a concentration i  the water of N/I6.47 
when he shook one gram of charcoal with Ioo c.c. of N/t4.53 
solution, and a concentration of N~6.49 when he shook one 
gram of charcoal with 50 c.c. of a N/7.27 solution and then 
added 5 ° c.c. w,ater. For the distribution of benzoic acid between 
charcoal and benzene, a similar proceeding with other concentra- 
tions gave him the two final values of N 8. 5 aud N 8.48. In 
some cases equilibrium is reached very rapidly from both sides, 
and in others not. ~ \Vhile the .adsorption equilibrium is the~,reti- 
call), a reversible one, there are conditions under which there may 
be apparent or actual irreversibilitv. If charcoal takes a dye ,,tat 
of solution to such an extent as to decolorize the w,ater practically, 
no amount of washing with water will give a colored solution. 
even though dye is being taken out all the time. 4:' In this case 
the adsorption is strictly reversible, and the difScultv was in the 
interpretation of the results. 
There is one experiment which 1 ahv,avs like to try, I~ecause 
it proves something whichever way it goes. .\ solution of iodine 
in water is shaken with bone-black, filtered, and tested with 
starch paste. If the colorless solution does not tuna the starch 
blue, the experiment shows how completely charcoal extracts 
iodine from aqueous solution. If the starch turns blue, the 
experiment shows th,at the solution, though apparently colorless, 
still contains iodine, which can be detected by means of the sensi- 
tive starch test. 
If the adsorbing substance changes through agglomeratiom 
crystallization, or in arty other way, its specific adsorbing power 
,a,, Kapillarchemie," I48 09o9). 
"Freundlich, Zeit. phys. Chem., 57, 388 (I9oO): Ostwald, l.ehrbztch 
allgem. Chemie. x, lO96 (I891); Schmidt, Zeit. phys. Chem.. 74, 7o8 (I9Jo) 
'~ Freundlich and Neumann. Ibid.. 67, 538 (x9oo). 
Feb., 1918, ] OUTLINE OF COLLOID CHEMISTRY• 209 
will change, and the adsorbed substance will be held either more 
or less firmly, as the case may be. Some instances of this have 
already been cited under abnormal adsorption. The adsorbed 
substance may also change on standing or on heating, in which 
case we shall have an apparent irreversibility, though we are 
really dealing, as before, with a new reversible quili'brium. This 
case occurs very frequently in dyeing. 4° 
SPECIFICITY OF ADSORPT ION.  
Since adsorption is essentially specific, the amount of adsorp- 
tion will necessarily vary with the nature of the adsorbing agent, 
the liquid, and the substance to be adsorbed. In illustration of 
this, Freundlich 4; cites the experiments of W6hler, Pluddeman 
and XV6hler 48 to the effect that charcoal and ferric oxide adsorb 
benzoic acid about ten times as strongly as acetic acid, while 
chromium oxide adsorbs the two acids about equally, and pl.atinum 
black adsorbs acetic acid a little, lint benzoic acid practically not at 
all. All salts seem to show distinct ,adsorption for their own 
ions. Thus silver bromide adsorbs silver nitrate or potassium 
bromide, but not potassium nitrate. Charcoal adsorbs both acid 
and basic dyes. Alumina takes up many ,acid dyes readily and 
not the basic dyes: silica and tannin adsorb the basic dyes more 
readily than acid dyes. Wool adsorbs many dyes strongly with- 
out a mordant, and cotton relatively, few. What is known as 
Schulze's law 49 is that the power of active ions to precipitate 
colloidal solutions is a function of its valence, or of the number 
of electrical charges which it carries. Since the precipitating 
power, in the cases studied by Schulze, depends on the degree 
of adsorption, it follows that, in so far as Schulze's law holds, 
a trivalent ion will be ,adsorbed more strongly than a bivalent ion, 
and the latter more strongly than a univalent one. Schulze's law 
is merely a first approximation, r"~ Everybody recognizes that 
hydrogen and hydroxyl ions are not to be classed with the other 
univalent ions, because they are nsually adsorbed much more 
strongly, ~1 and everybody recognizes that there are other excep- 
t' Lake, ]our. Phys. Chem., 2o, 761 (1916). 
'~" Kapillarchemie," I55 0909). 
"~ Zeit. phys. Chem., 62, 664 19o8). 
'" Schulze, Jour. prakt. Chem. (2), 25, 43 (1882) ; 27, 32o (I884). 
Bancroft, Jour. Phys. Chem., :t9, 363 (1915). 
5, Freundlich, " Kapillarchemie," 354 0909). 
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tions. In case of doubt; it is generally safe to assume that an 
ion of higher valence will be adsorbed more strongly than one 
of lower valence, but it is a mistake to consider this so-called law 
as anything more th, ana  guide. For instance, Osaka a,, found 
that charcoal adsorbed potassium salts in the following order 
when the salts were present in equivalent concentrations: K I > 
KNO., > KBr > KC1 > K,2SO 4, from which it follows that, for 
equivalent concentration, the sulphate ion is adsorbed the least of 
all. If  we were to compare molecular concentrations the sulphate 
ion would be adsorbed as strongly as the bromide ion, but less 
than the nitrate or the iodide ion. Davis aa found that the order 
of ,adsorption of iodine from different liquids was not the same 
with different kinds of charcoal. With animal charcoal there 
was decreasing adsorption in the order: chloroform, alcohol, 
ethyl acetate, benzene, and toluene: with sugar charcoal the 
adsorption decreased in the order: chloroform, toluene, ethyl 
acetate, benzene, and alcohol; whereas f,~r cocoanut charcoal the 
order was toluene, chloroform, benzene, alcohol, and ethyl acetate. 
There are at least two factors governing the effect of the solvent. 
The more soluble the dissolved substance is in a given solvent, 
the less readily will it be adsorbed, provided we can neglect he 
adsorption of the solvent itself by the solid. There are many 
illustrations of this, but one will suffice. Charcoal will decolorize 
aqueous olutions of iodine or of methyl violet, but alcohol will 
extract the color from the charcoal. The solubility cannot be 
the sole factor, however, because then the solvents could always 
be arranged in the same order for the same solute, regardless of 
the nature of the adsorbing agent. This is disproved absolutely 
by the experiments of Davis. One other factor is the adsorption 
of the solvent by the .adsorbing agent. This factor was not taken 
into account at all 'by Davis, whose data ate therefore not suffi- 
cient to enable us to tell whether there are other factors to be 
considered. 
In so far as adsorption is accompanied by an evolution of 
heat, the amount of adsorption must decrease with rising tempera- 
ture. This is found to be the case experimentally, but the change 
is often a very small one. In some cases there is an apparently 
~ Osaka, Mere. Coll. Sci. Kyoto, I, 267 (I915). 
5SJour. Chem. Nor., 9 I, 1682 (I9O7). 
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large increase in adsorption with rising temperature. Thus wool 
takes up very little acid violet at 2o ° and a great deal at about 
95 ° . Experiments howed 54 that this adsorption is not reversible, 
for the acid violet adsorbed at the higher temperature cannot 
be washed out to any extent at 2o °. After adsorption the dye 
agglomerates or changes o that it becomes practically insoluble, 
and consequently the wool takes up more dye. 
ADSORPTION OF SEVERAL SOLUTES. 
Some years ago there was a widespread rumor that strychnine 
had been'added to a certain breakfast cereal to make it more 
appetizing. The report was false and not even new, for in I852 
it was alleged that strychnine was being added to certain English 
pale ales. In order to show that strychnine could be detected in 
beer if present, Graham and Hofmann 55 shook two ounces of 
animal charcoal with half a gallon of beer to which ~ grain of 
strychnine had ~oeen added. The strychnine was removed prac- 
tically completely by the charcoal, and was extracted from that 
with alcohol and identified. 
Skey 56 reports that dilute sulphuric acid can be freed from 
traces of nitric acid by shaking with charcoal, while concentrated 
sulphuric acid cannot be. Dudley ~7 showed that the rank and 
disagreeable odor of raw whiskey can be removed by leaching 
through charcoal. Schmidt 5s has studied the simultaneous ad- 
sorption of iodine and acetic acid by charcoal from solutions in 
water and in ethyl acetate. With both solvents less of each sub- 
stance was adsorbed than if the other had not been present. 
Schmidt believes that this is general, but this statement is un- 
doubtedly too broad, though it holds in litany cases. "Freundlich 
and Masius 59 studied the adsorption of pairs of organic acids 
and obtained results similar to those of Schmidt. They also found 
that the acid, which is adsorbed more, is displaced the less when 
the two acids are present in the solution. These experiments 
throw light on Skey's experinlents. With increasing relative 
concentration of sulphuric acid, we should expect an increasing 
Lake, Jour. Phys. Chem., 20, 761 (1916). 
~Jour. Chem. Soc., 5, 173 (1853). 
5, Chem. News, x7,217 (I886). 
57 Jour. Am. Chem. Soc., 30, 1784 (I9o8). 
~SZeit. phys. Chem., 74, 730 (191o). 
~9,, Van Bemmelen Gedenkboek," 88 (I9IO). 
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displacement of nitric acid from the charcoal, which is what 
actually occurred. Lachs and Michaelis ~° found that caustic 
potash cut down very much the adsorption of potassium chloride 
by charcoal from water. In other words, the presence of the 
strongly adsorbed hydroxyl ion decreased the adsorption of the 
chloride very nmch. They also. found that if sulphuric acid is 
added in small amounts to the chloride solution the adsorption of 
chloride ion is increased markedly. This is in accord with the re- 
sults of Osaka, e'' that potassium chloride is adsorbed more than 
potassium sulphate, sodium chloride than sodium sulphate, and, 
presumably, hydrochloric acid than sulphuric acid. 
Thorium salts cut down the adsorption of uranium X by char- 
coal, 62 and acetone and acetic acid decrease the adsorption of 
grape-sugar by charcoal, Ga hut albumin and acetone have no effect 
each on the other, nor does one acid dye apparently displace an- 
other on wool or silk. "4 
CHEMICAL ACTION. 
Selective adsorption connotes the 1)ossibility of chemical de- 
composition as a result of adsorption) ;a If a given solid adsorbs 
a base more strongly than an acid, for instance, there will be a 
tendency for the salt to hydrolyze, the base being then adsorbed 
to a greater extent than the acid. Theoretically there is always 
some hydrolysis even with sodium chloride and water, according 
to the equation, 
Na" i CI' I-H~O_ ~'Na" i ()H' H '  CI' 
but this reaction does not run far, because caustic soda and hydro- 
chloric acid are strong electrolytes, and we cannot have a high 
simultaneotls concentration of hydrogen and hydroxyl ions. If 
the caustic soda is removed by adsorption, either of hydroxyl 
ion or of undissociated sodium hydroxide, the hydrolysis wi.ll go 
farther. How complete the hydrolysis will be depends on the 
degree to which the base is adsorbed and on the strength of the 
unadsorbed acid. Any acid will tend to react with adsorbed 
caustic soda, but the tendency will be greater the stronger the 
~' Zcit. Elcktroch(,mi~', I7, t (IOI I ). 
"l Mere. Coll. Sci. Kyoto. I, 267 (~915). 
'~-~Freundlich and Kaempfer,  Zeit. phys. Chem.. 9o, 681 (I915). 
,,a Rona and Michaelis, Biochem. Zeit.. i6, 499 (I9o9). 
'~ Lake, Jour. Phys. Chem., 2o, 761 (1916). 
¢,5 Bancroft, Ibid.. 18, 5 (1914). 
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acid. We thus see that a neutral solution will become acid if 
shaken with a solid which adsorbs the base more strongly than 
the acid, that it will become alkaline if the solid adsorbs the acid 
much more strongly than the base, and that it will remain neutral 
in case the solid does not adsorb either base or acid at all, or 
in case it adsorbs the two in practically equivalent quantities. 
The amount of base or acid taken up from a salt solution will 
be greater the weaker the unadsorbed acid or base. The experi- 
ments of Liebermann 66 show clearly that the decomposition by 
charcoal is greater with salts of weak acids. Freundlich and 
Masius~;7 have studied the adsorption of ,aniline benzoate and 
aniline acetate by charcoal. It so happens that aniline is adsorbed 
less strongly than benzoic acid by charcoal and more strongly 
than acetic acid. From a solution of aniline benzoate, therefore, 
charcoal adsorbs relatively more benzoic acid than aniline, while 
nlore aniline than acetic acid is adsorbed from an aniline acetate 
solution. Skraup 08 dipped filter-paper into a lead acetate solu- 
tion and fonnd that the acetic acid rose much higher than did 
the lead, which we know to be adsorbed stronglyfi 9
The becoming acid or alkaline of a solution is not necessarily 
connected with any hypothetical cidity or alkalinity of the adsorb- 
ing substance. If fuller's earth be shaken with water and then fil- 
tered, the filtrate is neutral to litmus paper 70 or phenolphthalein, 
showing that no soluble base or acid is present. If fuller's earth be 
shaken with a sodium chloride solution and filtered, the filtrate 
is acid to litmus or to phenolphthalein. This is because fuller's 
earth has adsorbed the base. If one presses litmus paper against 
moistened fuller's earth, the litnms paper turns red, and if one 
adds fuller's earth to a fairly alkaline solution of phenolphthalein, 
the red color disappears. This is not because fuller's earth is 
acid, but because it takes the base from the sodium chloride, the 
litnms, or the phenolphthalein. Caseine is practically insoluble in 
lmre water, and the filtrate is neutral to litmus paper. If moistened 
litmus paper be pressed against caseine, the latter adsorbs alkali 
from the paper, which, of course, turns red. The adsorption 
~* Sitzungsber. Akad. Wiss. Wien, 74, 33I (1876). 
.... Van 13emmelen Gedenkboek," IOO (191o). 
os Zeit. Kolloidchemie, 6, 253 (191o). 
~" Yorke, Mem. Chem. Soc., 2, 399 (1845). 
~0 Cf. Cameron, Jour. Phys. Chem., i4, ' 400 (191o). 
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of alkali is so marked that caseine will set free carbon dioxide 
from carbonates and bicarbonates. It is not surprising, therefore, 
that people have considered caseine as an acid and have not per- 
ceived that the setting free of carbon dioxide is the result of 
selective adsorption. The bearing of this on the question of 
soil acidity has been discussed ~by Cameron. 71 A statement of 
the other side of the question has been given by Truog/2 
Silk has such a marked selective adsorption for rosaniline 
(magenta) that it will not only decompose the hydrochloride, 
leaving the acid behind, but will also convert the carbinol base 
back into the color base in presence of an excess of ammonia, 7a 
the silk 6eing dyed red from a colorless ammoniacal solution. 
This is the more remarkable because the free color base is instable 
and cannot be isolated in a pure state. This makes it seem certain 
that silk stabilizes the free color base. Another similar instance 
is the mordanting of wool with copper s,alts, coloring it green. This 
green does not change to black when the wool is heated to boiling, 
though ydrous copperoxideby itself changes very readily. Blucher 
and Farnau 74 have extended Tommasi's r:, experiments 0Ii the 
stabilization of hydrous copper oxide by manganese salts and 
find that a number of other metallic hydroxides are also effective. 
Bayliss 76 has obtained results, which indicate that alumina stabi- 
lizes the free acid of Congo red, and Schaposchnikoff and Bogo- 
jawlevski 77 have isolated this metastable form by allowing the 
pyridine salt to effloresce. Reference has already been made to 
the stabilization of a higher iron oxide by iron in the case of 
passive iron. 
In the case of dyeing with acid or basic dyes we have al, 
admirable illustration of the fact, first recognized by Lachs and 
Michaelis 7s and by Estrup, 7° that an anion is more readily 
'~ Jour. Phys. Chem., I4, 399 (191o). 
72 Ibid., ~o, 457 (1916). 
78 Jacquemin, Comptes rendus, 82, 261 (1876); see also Mills, Jour. Chem. 
Soc., 35, 27 (1879) ; Fortuyn, Zeit. phys. Chem., 9o, 236 (I915). 
*4 four. Phys. Chem., 18, 629 (1914). 
75 Tommasi, Bull. Soc. chim. Paris (2), 37, I97 (1882); Comptes rendus, 
99, 37 (1884). 
*" Proc. Roy. Soc., 84B, 881 (I911). 
7~ Zeit. Parbenindustrie (I913). 
7s Zeit. Elektrochemie, I7, I, 917 (1911), 
79 Ibid., ii, 8 (I912), I4, 8 (1914). 
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adsorbed in presence of a readily adsorbed cation, and a cation 
in presence of a readily adsorbed anion. In an acid dye the color 
group is in the acid radical, and in a basic dye it is in the basic 
radical. An acid dye will therefore be taken up more readily in 
an acid solution than in a neutral solution, and will ,be taken up 
least in an alkaline solution. A readily adsorbed anion will 
decrease the amount of dye taken up, and a readily adsorbed 
cation will increase the amount of dye taken up. With a basic 
dye the reverse will be true. The dye will be taken up most 
readily in an alkaline solution, but may be taken up in a neutral 
or acid solution. A readily ,adsorbed cation will cut" down the 
adsorption of the dye, and a readily adsorbed anion will increase 
it. s° These generalizations appear to hold in all the cases studied 
so far. sl Subst,antive dyes form colloidal solutions, and the 
question of stability is an important one. 
When discussing the adsorption of gases by solids reference 
was made to cases of so-called contact catalysis. With solutions 
the effect of contact materials is as yet relatively unimportant. 
Lassar-Cohn s2 gives a few instances where yields have been 
increased by the use of porous masses. Gurwitsch s3 reports that 
amylene polymerizes readily on st,anding in contact with " flor- 
idin," which is a hydrous silicate of some sort. Richardson s, 
believes that petroleum and bitumens are formed by the polymer- 
izing or condensing action of clays or sands. 
A case which has been studied a great deal qu,antitatively 
is the decomposition of hydrogen peroxide solutions by platinum. 
One of the most interesting things about this reaction is its 
sensitiveness to so-called poisons, s5 The rate of decomposition 
of hydrogen peroxide by a given solution of colloidal platinum 
is reduced approximately to one-half by M/2o ooo ooo HCN, 
M/2 ooo ooo HgC12, and M/3oo ooo H2S. It has also been 
*° Bancrof L Jour. Phys. Chem., x8, I, 118 (I914). 
sl Pelet-Jolivet, " Die Theorie des " F~irbeprozesses," 95, 118, 149 (191o) ; 
Davison, Jour. Phys. Chem., x7, 737 (1913) ; Lake, Ibid., 20, 785 (1916). 
s*"Arbeitsmethoden fiir organisch-chemische Laboratorien," 584, 923, 
Io79 (19o3). 
~Zeit. Koltoidchemie, ix, 18 (1912). 
~Jour. Ind. Eng. Chem., 8, 4 (1916); Met. Chem. Eng., x6, 25 (I917). 
Bredig and von Berneek, Zeit. phys. Chem., 31, 258 (1899); Bredig and 
Ikeda, Ibid., 37, x (I9oI). 
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shown by Scla6nbein '~ that these same substances cut down the 
catalytic action of red blood-corpuscles on hydrogen peroxide. 
In Table VII are given data s7 for the co.ncentrations ecessary 
to cut down the rate of decomposition of hydrogen peroxide t,, 
one-half in the case of colloidal p~atinum and of h;emase, the 
active enzyme in the red bh)od-corlmscles. \Vhile many ~f the 
substances that cut down the platilmm catalysis also decrease the 
catah-tic action of h;emase, there are many cases where n~ paral- 
TABLE VII .  
Concentrations at which Poisons reduce the Rate of the Catalytic Decomposition 
of Hydrogen Peroxide approximately to one-half. 
Poison Colloidal 
platinum 
H~S . . . . . . . . . . . . . . .  M/3oo ooo 
HCN . . . . . . . . . . . . . .  M/20 0o0 0o0 
HgC12 . . . . . . . . . . . . . .  M/2 0o0 o0o 
HgBr2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hg(CN)~ . . . . . . . . . . . .  M/200 ooo 
I,~ in K I  . . . . . . . . . . . . .  MI'5 o0o o00 
Hmmase 
M / i ooo ooo 
M/ I  ooo ooo 
M/2 ooo ooo 
M/3oo ooo 
M/3oo ooo 
M/5o ooo 
NH~0H.HC1 . . . . . . . .  M/2 5 ooo 
Phenyl hydrazine . . . . . . . . . . . . . . . . . .  I 
Aniline . . . . . . . . . . . .  
Arsenious acid . . . . . .  
CO . . . . . . . . . . . . . . . .  
HC1 . . . . . . . . . . . . . . .  
NH~C1 . . . . . . . . . . . . .  
HNOa . . . . . . . . . . . . .  I 
H~SO~ . . . . . . . . . . . . .  
KNO,  . . . . . . . . . . . . .  
KClo, . . . . . . . . . . . . .  i 
M/8o ooo 
M/2o ooo  
M/5ooo M/4oo 
M/5 o 'No  poisoning 
at M/2ooo 
Very poisonousl No poisoning 
M/3ooo M / I oo ooo 
M/aoo ! M/ Iooo  
No poisoning M/25o ooo 
No poisoning M/5o ooo 
No poisoning M/4o ooo at o ° 
Slight poison- M/4  ° ooo at o ° 
ing? i 
lelism occurs. Thus carbon monoxide is very toxic to platinum 
and has 11o effect on hmmase. On the other hand, nitric acid, 
sulphuric acid, potassium nitrate, and potassium chlor.ate have 
practically no effect on platinum and are quite toxic to haemase. 
Even when there is a general parallelism, one nmst not follow 
it too closely. With platinum the prussic acid solution has one- 
tenth the concentration of the mercuric chloride solution, while 
with h~em,ase it has double the concentration. The tabulated 
•Jour. prakt. Chem., xos, 202 (x868). 
,7 Senter, Zeit. phys. Chem.. 5I, 7oi (I9O5). 
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concentration for mercuric chloride is the same as for hmmase, 
while that for iodine dissolved in KI is one hundred times as 
great for h~emase as for platinum. Kastle and Loevenhart ss point 
out that prussic acid is a strong poison for colloidal platinum 
and silver, but accelerates the catalysis of hydrogen peroxide by 
iron and copper. 
It is probable that the poisons are adsorbed strongly by the 
catalytic agent s9 and therefore prevent he adsorption of hydro- 
gen peroxide. This adsorption will be specific and will therefore 
not be the same quantitatively for different catalytic agents. On 
the other hand, there may well be a qualitative agreement in 
some or even in many cases. 
It would seem natural that a colloidal metal, with its enor- 
mous surface, would have a greater catalytic action th.an an equal 
weight of smooth foil, and this is usually true. Thus Jablczynski 9° 
found that platinized platinum decomposes chromous chloride 
three times as fast and ~hydrogen peroxide one hundred times as 
fast as does smooth platinum foil. On the other hand, Rosnyak 91 
claims that the catalytic action of platinum on hydrogen peroxide 
decreases with increasing dispersity (fineness) of the pl,a.tinum, 
and Felgate 9_0 states that pulverulent nickel reduces nitric oxide, 
while colloidal nickel does not. In both these cases it is probable 
that some factor has been overlooked or not stated. The more 
finely divided the platinum the more likely the surface is to be 
coated with oxide, .and it does not follow at all that the catalytic 
action of metallic platinum is the same ,a,s that of an oxide of 
platinum. If the platinum is kept in suspension by means of 
gelatine or some similar substance, the adsorbed gelatine will 
proba.bly decrease the adsorption of the reacting substances, and 
this may more than counterbalance the increased effectiveness 
due to increased surface. In the hydrogenation of oils, nickel 
in some form is apparently the catalytic agent most commonly 
used. 
SS Am. Chem. Jour., 29, 397 (I9O3). 
Bancroft, Jour. Phys. Chem., 2I, 734 (x917). 
Zeit. phys. Chem., 64, 75I (I9o8). 
~ IMd., 85, 68 (x913). 
" '  Chem News, xo8, I78 (I913). 
VoL. I85, No. Im6---I7 
218 WILDER D. BANCROFT. lJ. t;. I. 
ADSORPTION FROM SOLUTION BY LIQUID.  
There is no reason why there should not he adsorption from 
a solution by a liquid just as well as by a solid, except hat tile 
matter is complicated by the possibility of the solute dissolving 
in the second liquid. An interesting case of such adsorption was 
studied bv \Vilson and others. ":~ If a drop of chloroform or 
other organic liquid be placed under water in a dish and alkali 
be added, the drop flattens out, becoming rounder again when 
the solution is acidified. This change can be repeated apparently 
indefinitely. \\:hile the flattening of the organic liquid is clearly 
due to a change in surf,ace tension, it cannot depend on the abso- 
lute surface tension of the water phase, because Wilson found the 
effect of alkali to be the same qualitatively whether sodium chlo- 
ride was present or not, whereas the addition of salt increases the 
surface tension of the water phase. \\;hat happens is that hy- 
droxyl is adsorbed at the dineric interface, lowering the surface 
tension and causing the organic liquid to flatten. This is con- 
firmed by the experiments of wm I~erchY 4 who determined the 
surface tension between benzene and aqueous olutions by means 
of the rise in capillary tu.bes. The adsorption of hydroxyl means 
practically a concentr,ating of alkali at the surface ,)f the organic 
liquid, and consequently a closely adhering fihn of water. This 
accounts for \Vilson's observation that the drops of chloroform 
are wetted readily by an alkaline solution. The presence of a 
surf,ace film of caustic soda solution also accounts for the de- 
creased mobility observed by \Vilson. 
Patrick 95 has studied the adsorption of new fuchsine, picrie 
acid, salicylic acid. and mercurous ulphate from aqueous olu- 
tions by mercury. In all four cases the amounts adsorbed varied 
with the concentration, ,approximately, according to an exponen- 
tial formula, and in all four cases the surface ten~ion (,( the 
mercury was lowered by the adsorption. 
ADSORPTION AND SURFACE TENSION. 
When a substance dissolves in a liquid, the surface tension 
at the liquid-vapor surface ch,anges, increasing in some cases and 
~Jour. Chem. Soc., I, I74 (1849); Swan, Phil. Mag. (3), 33, 36 (I848); 
Twomey, Jour. Phys. Chem., x9, :360 (I915). 
~" Drude's Ann., 9, 434 (I902). 
Zeit. phys. Chem., 8, 545 (I914). 
Feb.,19t8.] OUTLINE OF COLLOID CHEMISTRY. 2 I  9 
decreasing in others. Two solutions of the same density will not 
have the same surface tension. For this reason a hydrometer 
graduated for sulphuric acid solutions will not be accurate for 
hydrochloric acid solutions, ,because the anaounts of solution which 
will rise up the stem will depend on the surface tensions and will 
therefore not be the same in the two cases. The surface ten- 
sions of solutions usually lie between the surface tensions of the 
constituents; but this is not necessarily true. 96 RSntgen and 
Schneider 9T found a maximum surface tension for sulphuric acid 
and water at about 48 per cent. H2SOa." Whatmough 0s obtained 
minima for a number of pairs of liquids. The change in surface 
tension with a solution is also accompanied by a change in con- 
centration, the surface film of the solution having .a different con- 
centration from the mass of the liquid. The simple rule in re- 
gard to this is that the concentration i the film tends to change so 
as to decrease the surface tension? 9 Consequently the surface 
film will be more dilute than the mass of the solution if the dis- 
solved substance increases the surface tension, and will be more 
concentrated than it if the solute lowers the surface tension of the 
solution. An equili,brium will be reached when the change in the 
surface tension is balanced by the difference of osmotic pressure 
between the surface film and the mass of the solution, ahvays 
provided that we ,are dealing with a true solution. This can be 
expressed mathematically by the equation l oo  
"Z- da 
dg 
where ~ is the interfacial tension, g is the chemical potential of 
the dissolved substance in the aqueous phrase, W is the mass 
of solute per unit area of interface (unspecified thickness) in 
excess of that corresponding to the concentration i the mass of 
the solution. In other words, [--" is the amount of solute adsorbed 
per unit area of interface in the interracial transition layer of 
unspecified thickness. If the laws of dilute solutions apply, the 
preceding equations may be written 
[--= C d~ 
RT dc 
90 See Freundl ich, " Kapil larchemie," 58 (19o9). 
97 H/led. Ann., 29, 165 (I886). 
9" Zeit. phys, Chem.. 39, I29 (I9O2). 
9, j. Willard Gibbs, Scientific Papers. x, 219. 
100 Cf. Donnan and Barker, Proc. Roy. Soc.. 85A, 557 (I9II). 
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It is to be noted that these two equations apply only to a 
substance which is realh, in solution, a point which is apt to be 
overlooked in papers on colloids. On the other hand, there are 
many substances, uch as soap, saponine, and gelatine, which are 
probably not soluble in water to any appreciable xtent, hut which 
form apparent or colloidal solutions with surface tensions lower 
than those of pure water. In these cases the concentration of 
the added substance will be higher in the surface film than in 
the mass of the liquid, but the Gibbs formula will not apply. As a 
matter of fact, the adsorptions, in the surface are 2o to ioo times 
those calculated from the formula with sodium glych~}cholate. 
Congo red, methyl orange, and sodium oleate? ''~ ()wing to the 
extreme and unknown thinness of the surface fihn, it has proved 
impossible so far to show the change of concentration with any 
true solution bv means of direct analysis. .\n approximati~m has 
been obtained by measuring the surface tension through the drop 
number. The thickness of the transition laver probably varies 
in extreme cases from about I to 2o0 /-t*, being usually fairly 
near the smaller number. 
I f  the difference in concentration between the mass of the 
solution and the surface layer is set up slowly, one ought to get 
one value for the surface tension when equilibrium is reached 
and another one if measurements are made rapidly on a fresh 
surface. This has been done experimentally by Lord Rayleigh, ~°~ 
though not for a true solution. His data have been recalculated 
by Freundlich, ~'':~ who added some of his own. They are given 
in Table VII I .  Except in the case of pure water, the surface 
tensions by the static method are higher than that of pure w, ater 
in the case of the two very dilute sodiuln oleate solutions. Lord 
Rayleigh did not discuss this point, and I:reundlich leaves it 
untouched. In the actual measurements an error of about 2 
per cent. would account for the difference, which may be due to 
experiment,al error. There is another possibility: that the sodium 
oleate is completely hydrolyzed in the dilute solutions, and that 
what is measured bv the dynamic method is really the surface 
tension of a caustic soda solution. 
~°'Willows and Hatschek. " Surface Tension and Surface Energy," 
46 (1915). 
~o~ Proc. Roy. Soc., 47, 281 (189o). 
..... Kapillarchemie," 56 (19o9). 
Feb.,  I9X8.] OUTL INE OF COLLOID C I tEMISTRY.  22 I  
From the fact that the lowering of the surface tension is 
accompanied by an increase in the concentration of the surface 
film of a true solution, Freundlich 104 draws the conclusion that 
this is true in all cases, and that if a dissolved substance lowers 
the surface between the solid and the solution--whatever one may 
mean by th, at--the dissolved substance is adsorbed: conversely, 
that the dissolved substance is adsorbed only in case it lowers 
the surface tension at the interface. The conclusion may or may 
not be right, but the logic is faulty, because the two cases are 
TABLE V I I I .  
Static and Dynamic Surface Tensions of Solutions at Room Tern 
Concen- 
Solution tration, 
Per cent. 
Water  . . . . . . . . . . . . . . . . . . . .  
Sodium oleate . . . . . .  0.025 
Sodium oleate . . . . . .  o.25 
Sodium oleate . . . . . .  1.25 
Sodium oleate . . . . . .  2. 5 
Saponin . . . . . . . . . . . .  
neptyl ic  acid . . . . . . . .  o . '~5N 
• Surface tension in 
dynes/cm. 
Static Dynamic 
75 75 
55 79 
26 79 
26 62 
26 58 
52 73 
54 68 
~erature. 
not parallel. The Gibbs rel,ation holds for a true solution, where 
the difference of concentration is entirely inside the solution 
phase. Freundlich is extending the relation to a heterogeneous 
system in which the adsorbed substance is presumably on the 
outer surface of the solid and by definition cannot diffuse into 
it, .because we should then have a solid solution. It is very 
difficult to prove or disprove Freundlich's conclusion experi- 
mentally, but it is ,a great pity to have people believe, as many 
now do, that the generalization is based on sound thermodynamics. 
BROWNIAN MOVEMENTS.  
If a stone be dropped into water, it sinks rapidly; but if it 
be broken into small pieces, the surface is much greater and 
consequently the pieces sink more slowly. If the stone were 
ground into very fine particles, we should expect them to sink 
very slowly, the rate being a function of the di.ameter and the 
density of the particles. A formula has been deduced by 
1o4 Zeit. phys. Chem., 57,424 (I9o7). 
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Stokes, l°a which should hold after a constaut rate of fall is 
reached. U is the constant rate of fall, r the radius of the 
v = ?.~2(,s'-.~)~ 
91] 
particles, 5" their specific gravity, S' the specific gravity of the 
liquid, ,i its viscosity coefficient, and g the gravitational constant. 
Hatschek log has calculated the results for several special cases.l°r 
For  particles of I/z radius the rate of fall in water is calculated 
to be 2. 4 mm. per minute. With gold particles o.f Iota* radius 
the calculated rate of settling in water is about l o ram. per 
month. For a particle of ~o/*~ radius and a specific gravity of 
only 3 the calculated rate is ,about I 111i]1. per month. The 
formula, does not hold experimentally when the particles are very 
fine. Eboll ~os states that ultramarine will stay. suspended for 
months when obtained in a very finely divided state by grinding 
and elutriation. Mfilh~iuser ~0.~ found that when very finely ground 
carborundum powder is treated with water a portion does not 
settle in months, and behaves in that respect like colloidal silver. 
Brewer ~" pointed out the slow rate at which clays settle, and 
raised the question whether extremely tinelv divided particles 
settle at all. I f  they do not, there nmst be some factor which 
neutralizes the action of gravity more or less completely. The 
experiments of an English botanist named Brown ~ furnish the 
clue to the difficulty, though the importance of these experi- 
ments was not appreciated until very" much later. .k microscopic 
study showed that extremely minute particles of any solid sub- 
stance suspended in water exhibit irregular motions remarkably 
like those of bacteria. These movements of suspended particles 
are known as Brownian movements and are apparently due t() 
the bombardment of the suspended particles by the molecules of 
the liquid. ~2 From Exner's experiments ~la it appears that par- 
'°~" Mathemat ica l  and Physical  Papers,"  3, I ( I9O I ) .  
~06 ,, An Introduction to the Physics and Chemistry of Colloids," 24 (I913). 
=0~ Elutriation, or the difference in the rate of settling, is much used in 
grading such powders as emery, carborundum, ultramarine, kaolin, etc. 
~o, Ber. deutsch, chem. Ges., x6, 2429 (I883). 
'°" Zeit. anor 9. Chem.. 5, II7 (I894). 
~° Mem. Nat. Acad. Sci., 2, 165 (I884); ,qm. Jour. Sci. (3), ~'9, I (I885). 
~nPhil. Mag., 4, I6x (I828); 6, I6x (1829). 
mJour,  de Phys. (2), 7, 561 (I888); Comptes rendus, xo9, Ioz (I889). 
m Sitzungsber. dkad.  Wiss. Wien., 56, ii, I I6 (I867). 
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ticles with a diameter larger than 4 t* show no perceptible Brown- 
ian movement in water. Particles smaller than o. I t* begin to 
show lively movements, n4 while particles with diameters of about 
io t*~ give apparent rajectories up to 2o m*. In more viscous 
liquids the motion is, of course, less. The bombardment of the 
suspended particles will tend to give a uniform distribution. 
Under the influence of gravity we should get an increased con- 
centration in the lower part of the vessel, n~ 
" Let us suppose that it is possible to obtain an enmlsion with 
the granules all identical, an emulsion which I will call, for short- 
ness, uniform. It appeared to me at first intuitively that the 
granules of such an emulsion should distribute themselves as a 
function of the height in the same manner as the molecules of a 
gas under the influence of gravity. Just as the air is more dense 
at sea-level than on a mountain-top, so the granules of an emul- 
sion, whatever may be their initial distribution, will attain a 
permanent state when the concentration will go on diminishing 
as a function of the height from the lower layers, and the law 
of rarefaction will be the same as for air. 116" To test this hypoth- 
esis, Perrin prepared a uniform suspension of purified gamboge 
in water by means of fractional centrifuging. The results con- 
firmed the hypothesis. With gamboge particles o.3 t* in diameter 
a rise of 3o t* was sufficient to lower the concentration to a 
tenth of its value, IO t* in the gamboge suspension being equivalent 
to six kilometers in the air. Similar results were obtained with 
mastic in water. Satisfactory results have also been obtained 
by Zangger 117 for drops of mercury, by Brillouin n~ for gamboge 
in glycerol solutions having a viscosity r6o times that of water, 
and by Iljin. 119 The mathematical theory has been developed by 
Einstein, 12° Smoluchowski, 1=~ and others. Perrin 1=2 considers 
that "the Brownian movement offers us, on a different scale, the 
faithful picture of the movements possessed, for example, by the 
'*' Zsigmondy, " Kolloidchemie," I8 (1912). 
~5 Perrin, " Brownian Movement and Molecular Reality,,' 22 ( I9m).  
'**Perrin, " Brownian Movement and. Molecular Reality," 43 ( Igm).  
~ Zeit. Kolloidchemie, 7, 216 (19I x). 
lUAnn. Chim. Phys. (8), 27, 412 (1912). 
~9 Zeit. phys. Chem., 83, 592 (1913). 
~=o Drude's Ann., 17, 549 (19o5), I9, 289, 37I (I9O6). 
m Ibid., a!, 756 (I9O6). 
"= Perrin, " Brownian Movement and Molecular Reality," 46 (19to). 
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molecules of oxygen dissolved in the water of a lake. which. 
encountering one another only rarely, change their .direction and 
speed by virtue of their impacts with the molecules of the solvent. 
It may he interesting to observe that the largest of the granules. 
for which [ have found the laws of perfect gases followed, are 
already visible in sunlight under a strong lens. Thev behave as 
the molecules of a perfect gas, of which the gram molecule would 
weigh 200,000 tons." 
It seems to be accepted pretty generally that the work of 
Perrin, Svedberg, and others has established the practical con- 
tinuity between suspended particles and dissolved substances, lint 
this seems to be an over-hasty conclusion. "lThe molecnlar weight 
of a dissolved substance, as calculated from the osmotic pressure, 
means something quite definite. The molecular weight of a sus- 
pended particle, as calculated from any ~f 15nstein's formnlas, 
means something entirely different, if it means anything at all. 
We can determine the molecular weight of benzene approximately 
from the measnrement of the surface tension, but it is absurd to 
say that suspending fine drops of benzene in water causes the 
molecular weight of benzene to become equal t,) 200,00o tons. 
XVe are talking about entireh, different hings in the tw,, cases. 
\Vhat we mean is that liquid benzene has a molecular weight ,~f 
78, and that liquid benzene suspended in water behaves, ~r may 
behave, as if it were a dissolved snbstance having a molecular 
weight of 200,000 tons, more or less. As a matter of fact, the 
experiments bring out clearly the enormous difference hetweel~ 
a solution and a supension. 
The safe ground to take is: that the Brownian movements 
are due to the incessant bomhardment bv the molecules of the 
liquid : that the Brownian movements end to. make finely-divided. 
suspended particles distribute themselves throughout the liquid: 
that the nniform distrihntion is affected hr. the force of gravity, 
as in the case of a gas : and that the Brownian movements, though 
causing diffusion, give rise to no appreciable osmotic pressure. 
Very finely divided particles (less than 0. 5 ~ for instance) will 
he kept in susi)ension indefinitely hv the Brownian movements, 
provided the particles remain finely divided. If enough particles 
agglomerate or coalesce, the force of gravity may cause the 
resulting masses to settle to the bottom of the containing vessel. 
We have therefore to consider some of the conditions under 
which particles coalesce or agglomerate. 
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COALESCENCE OF LXQUIDS. 
If tWO small drops of a pure liquid are brought in contact, 
they run together and form a larger drop. The two small drops 
are therefore instable with respect o a larger drop. Consequently 
we should expect he small drops to distill over to, and condense 
on, a larger drop. This is equivalent o saying that the vapor 
pressure is higher the greater the curvature of the drop, a con- 
clusion discussed by Lord Kelvin 12a many years ago. He 
considers that the theory, originally due to Laplace, is applicable 
to cases in which the radius of curvature is as small as 1.2 t*, but 
he thinks that we are not entitled to push it nmch further. Con- 
sequently he believes that the formulas given in his paper are 
not applicable to the vapor pressures of moistures retained by 
such substances as cotton cloth and oatmeal at temperatures far 
above the dew-point of the surrounding atmosphere, though the 
difference is quantitative and not qualitative. The rate at which 
small drops coalesce depends on the mobility of the liquid. With 
viscous liquids, such as cooling lavas or slags, one may get all 
sorts of phenomena which do not correspond to equilibrium rela- 
tions. 
COALESCENCE OF SOLIDS. 
While it is perfectly familiar to everybody that two small 
drops of a pure liquid will coalesce readily to form a larger drop, 
all our ordinary experience is the other way in regard to solids, 
and yet, theoretically, finely divided solids behave like finely 
divided liquids in many respects. A very finely divided powder 
must have a higher vapor pressure, a lower melting-point, and a 
greater solubility 12, than the same substance in a more coarsely 
crystalline form. Crystals of iodine having a diameter of 2 to 
3 ram. were kept in the dark for eight years. At the end of that 
time von Jonstorff 1=5 found that the smaller crystals had mostly 
disappeared, and that the crystals were now about 4.5 mm. in 
diameter.. Pawlow 1=6 states that crystals of salol which were 
2 t* in dianleter melted I.I ° lower than crystals 4o t* in diameter. 
Comparing a fine dust of less than 2 t~ diameter with crystals 
o. 5 to 2 ram. diameter, differences of 4 ° to 7 ° were obtained with 
mPhi l .  Mag. (4),42, 448 (I87I). 
12, Ostwald, Zeit. phys. Chem., 35, 495 (I9oo). 
m Bet. deutsch, chem. Ges.. Io, 866 (I877). 
"'  Zeit. phys. Chem.. 55, I (19o8), 58, 366 (19o9). 
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salol, antipyrin, and phenacetin, but it seems probable that part 
of these differences is due to impurities and part also to experi- 
mental error. 
Hulett  12T found practically no difference for the solubility 
of calcium sulphate in water until the diameter of the crystals 
was less than 4 t~. Changing from 4 t~ to o.6 t~ caused an increase 
in solubility of nearly 2o per cent. A coarsely crystalline barium 
sulphate (3.6 ~) was soluble e. 3 rag. per liter, When ground in 
an agate mortar  to o.2 ~ the: solubility rose to 4.5 mg. per liter. 
The corresponding figures with natural barvtes were 2.4 lng. and 
6.2 rag. Red mercuric oxide has a solubility of 5 ° nag. per liter 
at 25°;  when ground to a fine powder the color becomes yellow 
and the so.lubility increases to ~5o rag. per liter. 
The reason that the two parts of a broken plate do not coalesce 
when pressed together is that the film of condensed air acts as an 
elastic cushion and keeps the two parts from coming actually in 
contact. 1-"~ I f  we heat the fragments of any broken object, less 
gas is adsorbed at the higher temperature and is held less firmly. 
I f  the solid becomes more malleable, it is easier to make contact 
at a number of points. It is possible to make two glass rods unite 
at temperatures at which the glass is still very viscous. It may 
be urged that glass at those temperatures i unquestionably a 
liquid and not a solid. This criticism does not apply to platinum. 
and it is easy to weld two pieces of platinum at temperatures far 
below that of the melting-point. In some cases two surfaces will 
unite fairly readily. This is very noticeable with unvulcanized 
rubber, from which it should follow that vulcanized rubber ad- 
sorbs air much more strongly. I do not know of any experiments 
along this line. \Vhile it is not possible, as a usual thing, to mend 
a broken object by pressing the two pieces together at ordinary 
temwratures,  Spring ~29 has shown that powders may be welded 
into massive blocks by the use of sufficiently high pressures. This 
means that the pressure has been sufficient to squeeze out the 
air films. 
~'~Ibid.. 37, 385 (I9Ol); Jones and Partington, Jour. Chem..?oc.. io6,  H. 
612 (1915). 
'~" See Breuer, " Kitte und Klebstoffe," 23 (~9o7). 
i2"Bull..4cad, roy. belg. (2), 49, 323 (188o) : Ann. Chin1. Phys. (5). 22, t7o 
(I881); Ber. deutsch, chem. Ges.. I5, 395 (I882); Bul l  Soc. chim. Paris (2"1, 
40, 52o (I883); Friedel. Ibid. (2), 39, 626 (I883); 4o, 526 (I883); Jannetz. 
Neel and Clermont. Ibid. (2), 40, 5I (1883); Tammaml, Zeit. Eleletro- 
chemic, I5, 447 (t9o9). 
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Since solids will coalesce when heated and subjected to pres- 
sure, there is no reason why some solid powders should not 
coalesce to some extent under the influence of gravity when 
heated. This is known as sintering or sometimes as fritting. 
The two terms are not distinguished as sharply as they might 
be. 1~° Sintering should be used when a powder coalesces with- 
out melting or with but slight fusion, so that the product is still 
granular and more or less porous. Fritting should be used when 
the fusion is quite marked and the product is distinctly glassy. 
The formation of bricks and pottery involves sintering while 
the materials for glazes are fritted. There has been some question 
whether sintering can take place without incipient fusion, 131 but it 
is clear that a pure crystalline substance may sinter. 182 The brown 
gold obtained in assaying sinters to yellow gold when heated, 133 
and I am told that the sintering of tungsten powder is done tech- 
nically. Soot becomes andy if heated too long or too hot. Many 
precipitates sinter on standing, though the change is not usually 
called that. 
Other things being equ,al, the sintering is gi'eater, and conse- 
quently the density, the higher the temperature. Bricks are less 
porous the higher the temperature of burning. Of course, if the 
temperature of vitrification is reached, a new phenomenon occurs. 
Magnesia is more dense the higher it is heated, 134 and so is 
lime. 135 The ,agglomeration is often accompanied by increased 
resistance to chemical action. Strongly heated lime reacts very 
slowly with carbon dioxide. 13~ After short ignition, silica dis- 
solves in a boiling solution of potassium or sodium carbonate; 
after long ignition it does not. 13z The apparent action of caustic 
. . . . . . . . .  L . . . . . .  
~ Percy's Metallurgy : " Fuel," 46, 28o (1875). 
'~ Lucas, Zeit. phys. Chem., 52, 327 (19o5); Endell, Silikat-Zeitschri[t, 2
I, 25 (1914) ; Kohlschfitter, Liebig's Ann., 398, 37 (1913). 
~"*Cf. Day and Allen, Carnegie Inst. Pub. 3i, 59 (19o5); Zeit. phys. 
Chem.. 54, 39 (I9o6). 
133 Percy's Metallurgy: "Silver and Gold," 268 (188o) ; Hanriot, Comptes 
rendus, I5I, 1355 (191o); Ifi2, 216 (1911). 
,s~ Ditte, Comptes rendus, 73, 27o (1861) ; Moissan, Ibid., IIS, 5o6 (I89I). 
~ Wright, Zeit. anorg. Chem., 68, 397 (I9IO). 
'~*Raoult, Comptes rendus, 92, I89 (1881); Sosman, Hostetter and 
Merwin, dour. Wash. Acad. Sci., 5, 563 (1915). 
~3¢Rammelsberg, dour. Chem. Soc., 26, 242 (1873); el. Laufer, Ber. 
deutsch, chem. Ges., xI, 6o, 935 (1878). 
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alkali on hydroxides and of gelatine and amnlonia or potassium 
bromide on silver bromide is decreased enormously if the pre- 
cipitates are allowed to stand over night. 
PLASTICITY. 
A plastic substance is one which can be moulded by pres- 
sure. 1a8 This connotes that any break due to deformation is self- 
healing. A mobile liquid is not plastic, because it will not retain 
its shape. With increasing viscosity a liquid becomes plastic. 
Molasses candy is plastic until it crystallizes. Semifused glass 
is plastic. The time factor may be important. Sealing-wax is 
brittle if the pressure is applied rapidly, but is plastic if the rate 
of deformation is low. Since metals and other solids coalesce 
under high pressure, there is no reason why they should not be 
plastic under similar conditions, as indeed they are. \Ve make use 
of this property when squirting metals into rods or pipes. Under 
high pressure ice is plastic. It has been el, aimed by Spring aao 
and by Kahlbaum a~0 that solids become ahnost like mobile fluids 
under high pressure, but it seems to have been proved conclu- 
sively by Spezia 14t that this is not true when the pressure is 
uniform, and that the apparent fluidity occurs only when there 
is a shearing force. Iron filings in presence of a magnet might 
be considered a special case of pl,asticity, though not one of any 
great interest. : \nother special case ()f partial plasticity is the 
mineral itacolnmite, ~4~ which is said to have a structure akin 
to a series of ball-and-socket joints. 
Between the extreme cases of a solid such as a metal and a 
liquid such as glass or tool,asses candy we have the iutermediate 
case of putty, which is whiting and oil. ~,r a solid with a liquid 
:filna around it. I f  a liquid is adsorl)ed strongly l)v a solid, the 
thin fihn will hohl the solid particles together, while still per- 
mitting them to move rel,atively to one another. .\ liquid film 
may therefore act as a bond for solids and may make the mass 
plastic. Oil is used as a binder in roads and to make plastic 
putty. Everybody knows that dry sand cannot be moulded, 
"~Duff, "A Text-Book of Physics," I19 (I916). 
~a'Bult. Acad. roy. belg. (2), 49, 364 (I88O). 
~,o Uerh. Naturforscher ges. Basel, I5, ~4 (I9o3). 
"~Attl  dcad. Sci. Torino, 45, 525 (z9II) ; 46, 68z (I912). 
~= Wetherill, Chem. News. 22, 266 (I87o). 
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whereas wet sand can. Plastic dynamite is made by adding three 
parts of nitroglycerin 1,3 to one part of diatomaceous earth. 
Bingham 1,4 has made a preliminary study of the concentration 
at which plasticity begins or ends. If a finely powdered solid is 
added to a liquid, the viscosity of the liquid is increased or the 
fluidity, which is the reciprocal of the viscosity, is decreased. 
Over the range from 25 ° to 6o ° the concentration for zero fluidity 
was independent of the temperature. With infusorial earth in 
water, zero fluidity was reached at a volume concentration of 
about 87 per cent. water; with China clay at about 96 per cent. ; 
with the graphite used in Acheson's aquadag at about 94.5 per 
cent.,.and with an unspecified clay at about 8o. 5 per cent. With 
infusorial earth in alcohol, zero fluidity was reached at a volume 
concentration of about 88 per cent. alcohol. The mixtures having 
zero fluidity are not stiff and will not hold their shape. At higher 
concentrations of the solid there is a change from viscous flow 
to plastic flow. The distinction made by Bingham is that with 
viscous flow any shearing force--no matter how small--will pro- 
duce permanent deformation, whereas, in the case of plastic flow, 
it is necessary to use a shearing force of finite magn.itude in order 
to produce a permanent deformation. It seems reasonable to 
assume that zero fluidity corresponds to the point when liquid 
enough is present just to scatter the particles; in other words, 
when about enough liquid is added to fill the voids. This was true 
in the one case studied by Bingham. The clay referred to con- 
tained 8116 per cent. voids and required 8o. 5 volume per cent. 
of water to bring it to zero fluidity. Of course, this very impor- 
tant generalization of Bingham's nmst be tested in more eases 
before it can be considered as definitely true, but it is so obvious, 
after it has been pointed ottt, that it cannot be far wrong. Bing- 
ham's law, if we may so call it, may be o.f distinct importance in 
the paint industry. The oil requirement for a given pigment is 
a very arbitrary amount, and experts often differ widely in their 
values. Reproducible figures could be obtained if in each case 
there was determined the amount of oil necessary to give zero 
fluidity. 
The clay-workers use the word plasticity in a special sense to 
denote that a clay is plastic and will burn to a coherent mass. From 
m Thorp, " Outlines of Industrial Chemistry," 482 (I916). 
a,~ Am. Chem. Jour., 46, 278 (1911) ; JOUR. FRANKLIN INST., I8I, 845 (1916). 
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this point of view a mass of wet sand is not plastic, because it 
falls to pieces when dried. To satisfy this new definition we 
must have in the water some bonding material, presumably in a 
gelatinous form. There is no difficulty in accounting for a 
gel.atinous film. ~47' Cushman a4'; has shown that the cementing 
power of rock powders is due to the formation of gelatinous 
silica, ferric oxide, etc. If we have a gelatinous material which is 
adsorbed strongly by the solid particles and which can take u I) 
and lose w,ater, we shall have plasticity. In the case of clay the 
gelatinous material may be hydrous alumina, hydrous silica, or 
some intermediate composition. The difficult)', however, is t,:, 
account for its remaining plastic after moderate drying, to ac- 
count for its re,adsorbing water to form a gelatinous mass. This is 
probably due to the presence of some salt, but we do not know 
what salt, and consequently we cannot tell why one clay is plastic 
and another not, and we do not know what we should add to 
a non-plastic lay to make it pl, astic. The whole thing i~ probal-ly 
very simple, but no one has yet attacked it in a rational way. 
Sulnl/ltar y. 
In this paper there has been given a discussion of: adsorp- 
tion from solution by solid; the adsorption isotherm: abnormal 
adsorption; negative adsorl)tion: reversibility of equilibrium: 
specificity of adsorption: adsorption of several solutes; adsorp- 
tion from solution by liquid: adsorption and surface tension: 
Brownian movements; coalescence of liquids: coalescence of 
solids ; plasticity. 
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